ABSTRACT
INTRODUCTION
Digital vaginal examination is used commonly in pregnancy to assess cervical dilation, fetal head descent and fetal head rotation, but previous large studies have shown that this method of assessment is inaccurate and measurements are difficult to reproduce 1, 2 . A number of studies have suggested that the use of ultrasound during labor enables clinicians to evaluate objectively progression of labor in a more accurate and reproducible manner than traditional digital vaginal examination 3 -7 . Transperineal sonography (TPS), in particular, has been reported recently to be a useful tool for predicting mode of delivery and successful instrumental vaginal delivery 8 -16 . The evaluation of fetal head descent using several TPS parameters was reported to have the potential to facilitate prediction of a successful vaginal delivery and the time until delivery in women with a prolonged first stage of labor 12, 17 . However, in the second stage of labor, few studies have shown an association between TPS measurements and the time until delivery 18 . Therefore, the objective of this study was to confirm a hypothesis that TPS parameters in the second stage of labor are associated with the time remaining in labor.
METHODS
We evaluated women at a tertiary perinatal care hospital from October 2013 to September 2014 in this prospective observational study. Pregnant women with a live single fetus in cephalic presentation, whose second stage of labor was at term, were eligible for inclusion in the study. We performed TPS immediately after confirmation of a fully dilated cervix by digital vaginal examination. Cases transported to our center in the second stage of labor were excluded. The Institutional Review Board of our center approved the study design and all women provided informed consent prior to undergoing TPS.
Physicians attending the birth, who were senior consultants and fellows with at least 5 years of experience in obstetrics, evaluated fetal head descent and rotation during the digital vaginal examination in which a fully dilated cervix was confirmed. As a degree of fetal head descent, clinical station was measured, defined as the most distal cranial point relative to the ischial spines 19 . As a degree of fetal head rotation, clinical rotation was categorized for every 45
• in a clockwise direction and recorded as occiput anterior (OA), left occiput anterior (LOA), left occiput transverse (LOT), left occiput posterior (LOP), occiput posterior (OP), right occiput posterior (ROP), right occiput transverse (ROT) and right occiput anterior (ROA). TPS was performed by the attending physician using a Voluson S8 (GE Medical Systems, Zipf, Austria) equipped with an RAB2-5-RS 2-5-MHz curved transabdominal four-dimensional transducer. Patients lay in a supine or lateral position with bent hips and knees, or in a lithotomy position, for acquisition of at least one three-dimensional (3D) image of the maternal midsagittal section allowing the maximum contour of the fetal skull and the pubis to be obtained by placing the transducer between the labia. AoP and MLA were measured offline by analyzing the stored 3D volume in multiplanar mode using SonoVCAD TM labor software after delivery, as described previously (Figures 1 and 2 ) 18, 20 . AoP was measured as the angle between a line through the long axis of the pubic bone and a line from the inferior end of the pubis to the leading edge of the fetal cranial bone in the maternal midsagittal section (Figure 1a) . MLA was measured as the angle between the fetal head midline and the anteroposterior axis of the maternal pelvis in a transverse section (Figure 1b ). All physicians were trained to measure TPS parameters under the supervision of an experienced operator for at least 1 month before contributing to the study.
In the second stage of labor, the attending physician evaluated the progression of labor by digital vaginal examinations essentially every hour. Women with prolonged labor because of weak pain were offered oxytocin augmentation. Physicians or midwives prompted active pushing in women just before fetal delivery. Operative delivery was performed in cases of failure to progress, pathological fetal heart rate or maternal medical problems. Failure to progress was considered essentially 2 h after the cervix was fully dilated in nulliparous women and 1 h after the cervix was fully dilated in parous women, with an additional 1 h considered for women with epidural anesthesia. For operative delivery, the appropriate intervention was selected by the birth-attending physician on the basis of the digital vaginal examination (e.g. vacuum extraction, forceps delivery or Cesarean section). Maternal, labor and neonatal data were obtained from a database maintained by the hospital and from patients' medical records. Data included maternal age and body mass index (BMI) at onset of labor, parity, gestational age, induction of labor, oxytocin augmentation in the first or second stage of labor, epidural anesthesia, mode of delivery, neonatal birth weight, Apgar scores at 1 and 5 min and umbilical cord arterial pH.
The primary outcome measured was the interval between TPS and fetal delivery. The optimal cut-off points of AoP and MLA for predicting delivery within 120 min after performing TPS in nulliparous women was determined using a receiver-operating characteristics (ROC) curve. Similarly, the cut-off points of AoP and MLA for predicting delivery within 60 min after performing TPS in parous women was investigated. The intervals between TPS and fetal delivery were calculated using Kaplan-Meier survival analysis and compared using a log-rank test in nulliparous and parous women separately. Cases with operative delivery, including vacuum extraction, forceps delivery or Cesarean section, were censored. Univariate and multivariable Cox proportional hazards analyses were conducted to calculate crude and adjusted hazard ratios with 95% CIs for AoP and MLA, correcting for the influence of maternal age, BMI, induction or augmentation in the first stage of labor and epidural anesthesia. P < 0.05 was considered to indicate statistical significance. Similar analyses were performed for parameters evaluated using digital vaginal examination, including 'clinical station', which represents fetal head descent, and 'clinical rotation', which represents fetal head rotation. The accuracy of each parameter of TPS and of digital vaginal examination using the optimal cut-off point was also calculated. Clinical rotation was included in the analyses according to the replacement of the degree of rotation: OA was 1, ROA and LOA were 2, ROT and LOT were 3, ROP and LOP were 4 and OP was 5. All statistical analyses were performed using JMP software (JMP version 11; SAS Institute Inc., Cary, NC, USA).
RESULTS
A total of 561 women were enrolled in the study. One case was transported to our center in the second stage of labor and three did not have adequate images for analysis and were excluded, leaving 557 cases for the analyses.
The maternal, labor and neonatal characteristics are presented in (Figure 3 ). The differences between the groups for each parameter were statistically significant (P < 0.05, log-rank test). At 120 min after TPS assessment, delivery was achieved in 70% of cases with AoP < 160
• compared with 93% of cases with AoP ≥ 160
• , and in 92% of cases with MLA < 10
• compared with 74% of cases with
A Kaplan-Meier plot for time intervals between TPS assessment and fetal delivery for parous women with AoP < 150
• vs AoP ≥ 150
• and for parous women with MLA < 20
• vs MLA ≥ 20
• is shown in Figure 4 . Data are given as median (range), n (%) or n. BMI, body mass index; CS, Cesarean section; FHR, fetal heart rate; FoP, failure of progression; GA, gestational age at labor onset.
The differences between the groups for each parameter were statistically significant (P < 0.05, log-rank test). Delivery was achieved within 60 min in 75% of cases with AoP < 150
• compared with 92% of cases with AoP ≥ 150
• , and in 90% of cases with MLA < 20
• compared with 79% of cases with MLA ≥ 20
• .
Crude and adjusted hazard ratios for the association of each TPS parameter and the interval between TPS assessment and delivery are shown in Table 2 . According to multivariable Cox proportional hazards analyses, both AoP and MLA were significantly associated with the interval between TPS and fetal delivery in both nulliparous and parous women. Furthermore, both clinical station and clinical rotation showed a significant association with the time until delivery in nulliparous, as well as in parous, women.
The accuracy of AoP, MLA, clinical station and clinical rotation in predicting delivery within 120 min after TPS in nulliparous women and delivery within 60 min after TPS in parous women is shown in Table 3 . For nulliparous women, the positive likelihood ratio (+LR) of AoP was 3.6, which was the highest value among the + LRs for the four variables assessed. For parous women, the + LRs of clinical station and clinical rotation were 7.6 and 5.2, respectively, which were higher than those of AoP and MLA. 
DISCUSSION
This study yielded two significant findings. First, both AoP and MLA in the second stage of labor had significant associations with the time remaining until fetal delivery. A larger AoP and smaller MLA were associated with a shorter interval until fetal delivery. Second, TPS might be more useful in predicting the time remaining in labor than traditional digital vaginal examination in nulliparous women.
A prolonged second stage of labor has significant associations with an increased rate of operative delivery and adverse maternal outcome, such as maternal obstetric trauma, postpartum hemorrhage and chorioamnionitis 21, 22 . The effect on neonatal outcome is still under discussion 23, 24 . Therefore, birth-attending physicians should aim to assess and predict the course of labor, which may be facilitated by TPS measurements.
We measured AoP as a representative TPS parameter in this study, which reflects fetal head descent. Aside from AoP, several other parameters to reflect fetal head descent in the midsagittal section have been proposed, including progression distance (the distance between the leading edge of the fetal skull and the line perpendicular to the inferior edge of the pubis), head direction (the angle between the major longitudinal axis of the fetal head and the line perpendicular to the inferior edge of the pubis), head-symphysis distance and head-perineum distance 10,25 -27 . Several previous studies showed that AoP was one of the most reliable parameters because of the minimal inter-and intraobserver errors 28, 29 . On the other hand, these studies also showed that MLA had less credibility than other parameters. However, MLA was the only proposed parameter that reflected fetal head rotation. We also investigated the reproducibility of these parameters in 109 women managed at our center prior to this study. The intraclass correlation coefficients for measurement of AoP were 0.87 (95% CI, 0.82-0.91) for the same observer and 0.75 (95% CI, 0.17-0.90) for two observers. These values were the highest among all parameters evaluated. For MLA, the intraclass coefficients for the same observer and two observers were 0.82 (95% CI, 0.75-0.87) and 0.27 (95% CI, 0.09-0.44), respectively. Previous studies have reported the association between several TPS parameters and the mode of delivery. Torkildsen et al. 12 reported that both AoP and head-perineum distance in a prolonged first stage of labor were useful to predict the mode of delivery. Ghi et al. 13 reported that the mode of delivery might be predicted according to AoP and MLA in the second stage of labor. In addition, Gilboa et al. 30 demonstrated a negative association between the mode of delivery and progression distance when the second stage of labor was prolonged. However, few studies have reported on the association between TPS parameters and the time remaining before delivery, particularly during the second stage of labor. One previous study reported that AoP and head-perineum distance in the prolonged first stage of labor were useful to predict the time remaining until delivery 17 . Kaplan-Meier curves illustrated the association between AoP and the time from TPS to delivery using AoP ≥ 110
• as the cut-off level (P < 0.01, log-rank test). Barbera et al. 18 reported a positive association between AoP in the second stage of labor and the time remaining until delivery. According to their analysis of four groups, the median time to delivery for each group decreased with an increase in AoP. However, their data were obtained from only 23 women. To our knowledge, our study is the first to investigate prospectively the association between TPS parameters in the second stage of labor and the time remaining before delivery for a large cohort.
Our study revealed that two TPS parameters in the second stage of labor, AoP and MLA, had significant associations with the time remaining before fetal delivery in both nulliparous and parous women, according to multivariable Cox proportional hazards analyses. They demonstrated that the time remaining before fetal delivery shortened as fetal head descent advanced and as fetal head rotation neared the OA position. Considering our findings, together with those of Ghi et al. 13 , these two parameters in the second stage of labor are thought to be useful to predict labor outcome, including mode of delivery and time until delivery.
Our study revealed that both clinical station and clinical rotation in the second stage of labor, which were assessed by traditional digital vaginal examination, also had significant associations with the time remaining before delivery. In addition, we demonstrated that the TPS parameters had higher predictive values than those of digital vaginal examination in nulliparous women; the opposite was true in parous women. This trend was similar for both fetal descent and fetal rotation. During the second stage of labor in particular, findings from the digital vaginal assessment may be unclear or possibly incorrect because of increasing caput succedaneum and deformity of the fetal skull. In contrast, TPS can offer correct and reproducible information without being affected by these variables. Although the reason for the higher predictive values of digital vaginal examination parameters than TPS parameters was unclear, the effect of increasing caput succedaneum and deformity of the fetal skull on the progression of labor might be smaller in parous women than in nulliparous women.
The significant associations between TPS parameters and the time remaining before delivery might be of value in determining whether to perform operative intervention. When an optimal value for a TPS parameter is observed that suggests that delivery is imminent, withholding operative intervention might be a management option worth considering. However, determining the utility of TPS in complicated situations such as prolonged labor is a challenge for the future.
Several limitations of this study need to be acknowledged. First, birth-attending physicians were not blinded to the TPS volumes at the start of the second stage of labor. They had an opportunity to perform a two-dimensional (2D) ultrasound assessment when they obtained a 3D volume; therefore 2D-TPS images possibly influenced delivery management choices. However, AoP and MLA did not directly affect management of the second stage of labor because these measurements were obtained only after delivery. Second, analyses of the 3D volumes were performed by several examiners. Although all physicians were trained for at least 1 month prior to the start of this study, interobserver errors might influence the results of this study. It has been reported that AoP has good reproducibility, but MLA does not 28, 29 . Similar results were obtained in our study. Third, confirmation of a fully dilated cervix by digital vaginal examination may be imprecise as an indication of the start of the second stage of labor. Although the assessment was performed by midwives or physicians, as appropriate, in some cases the cervix might have already been fully dilated before this was confirmed. Therefore, we set the interval between TPS assessment and fetal delivery as the primary outcome.
In conclusion, TPS measurements during the second stage of labor are associated with the time remaining in labor and have a higher predictive value than digital vaginal examination for predicting the time remaining in labor, at least in nulliparous women. Further studies may be necessary to elucidate the clinical utility of intrapartum TPS in complicated situations in labor.
